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Abstract 
In a study focusing on the sliding part between the vane and the piston in a conventional rolling-
piston type rotary compressor, a swing-piston type rotary compressor, which has a groove on the outside 
surface of its piston and a vane engaging with the groove at the tip, was proposed and studied. The results of 
theoretical analysis showed an improvement in mechanical efficiency of approximately 1%, attributable to 
reduction of mechanical loss from the reduced sliding velocity at the vane tip. Both types of compressors 
were fabricated and their characteristics were studied experimentally. The results showed that the swing-
piston type rotary compressor demonstrated a higher mechanical efficiency, indicated efficiency, and volumetric 
efficiency by approximately 1%, and compressor efficiency by approximately 3%. Due to the increased 
sliding surface area and the reduced sliding velocity between the vane tip and the piston of the swing-piston 
type, the potential exists for improved efficiency and reliability 
1. Introduction 
The global warming phenomenon and the need to preserve the global environment are becoming 
increasingly important issues. Better energy saving thus continues to be required in air -conditioning equipment. 
Rolling-piston type rotary compressors are currently used on a worldwide basis for air-conditioning purposes, 
and research and development have been actively conducted into improving their efficiency and 
performance. [1 ]-[ 4] As part of our process of examining the potential f<;>r further improvement in the efficiency 
and the reliability of the conventional rolling-piston type rotary compressor, we focused our attention on the 
sliding part of the vane tip and the piston, where improvement of the efficiency and the reliability was 
attempted by reducing the sliding loss and the contact pressure. An advanced rotary compressor, named the 
swing-piston type, was proposed by making a groove on the outer surface of the conventional rolling-piston 
and engaging the vane tip with it. The feasibility of the proposed rotary compressor was examined both 
theoretically and experimentally. 
2. The Features of the Advaced Rotary Compressor 
A simplified diagram of the advanced rotary compressor used for the study is shown in Fig. 1. Its 
construction is almost the same as that of the rolling-piston type compressor except for the groove, provided 
on the outer surface of the piston, for engaging the vane tip. The difference in operation between the two is 
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as follows. With the rotation of the crankshaft, 
the piston is free to rotate as in the rolling-
piston type. On the other hand, with the rotation 
of the crankshaft in the direction of the arrow, 
the piston in the swing-piston type moves along 
the inner surface of the cylinder and swings 
left and right on the pivot point located at the 
center of the vane tip radius while compressing 
the refrigerant gas. This movement gives this 
mechanism the name of 'swing-piston type 
rotary compressor.' 
The swing-piston structure has a 
groove with a cross section of a circular arc 
and a radius almost the same as the vane tip 
radius in order to provide the piston with the 
swinging motion and to secure the area contact 
between the vane tip and the piston to reduce 
the contact pressure and improve the sealing 
performance. 





The swing-piston type rotary 
compressor has the following features. Fig. 1 Simplified construction and operation 
1) The reduced sliding velocity between 
the vane tip and the piston can reduce 
the sliding loss and possibly improve the 
compressor efficiency. 
2) The increased contact area of the vane 
tip and the piston can reduce the contact 
pressure and possibly improve its 
reliability. This feature has the potential 
for greater reliability when using 
HFC410A refrigerant, which is operated 
under a larger differential pressure 
between suction and discharge than with 
HCFC22. 
3) The increased contact area between 
the vane tip and the piston can reduce 
refrigerant leakage at the vane tip, thus 
possibly improving the compressor 
efficiency. 
4) Because the structure is almost the same 
as the rolling-piston type, the swing-piston 
type may be produced relatively easily 
at low cost. 
y 
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Fig. 2 Theoretical analysis model 
754 
3. Conditions of Theoretical Analyses 
In order to study the feasibility of the swing-piston type rotary compressor, a theoretical analysis 
was made of the mechanism, and the action force at each part as well as the loss power was calculated. The 
model used for the analysis is shown in Fig. 2. Each arrow indicates the force applied to each part of the vane 
Table 1. Compressor specification 
Volume 25.2cc Eccentricity 5.75mm 
Piston outer 44.lmm Vane thickness 4.7mm diameter 
Piston inner 33.0mm Vane tip radius 2.4mm diameter 
Piston height 28.0mm Groove depth 2.4mm 
and the piston. The equations of motion (1) 
through (6) were assumed for the vane and the 
piston using the model in Fig. 2. The unknown 
quantities were six. They were Fp, the reaction 
force acting on the vane tip via the piston; 13, 
its acting angle; Fv 1 and Fv2, the reaction force 
acting via the cylinder to the side surface of the 
vane facing the suction chamber and the 
discharge chamber respectively; Fcrp, the 
reaction force acting on the piston via the 
crankshaft; and [; , its acting angle. These 
unknown quantities were calculated for one 
revolution at each rotation angle () of the 
crankshaft by using the aforementioned equations 
of motion (1) through (6). The rotating speed of 
the crankshaft and the coefficients of friction at 
sliding parts were assumed to be constant for 
the purpose of this analysis. The analyzed 
compressor specification is shown in Table 1, 
with the analytical conditions in Condition 1 of 
Table 2, and the coefficients of friction at sliding 
parts in Table 3. An analysis of the rolling-piston 
type compressor was also made under the same 
conditions for comparison. The coefficients of 
friction at sliding parts were determined from 
the result of the piston rotating speed (2.35 Hz) 
measured earlier experimentally with the rolling-
piston type compressor and in references[3] and 
Table 2. Conditions under which compressors operated 
[4]. 
Item Conlition 1 Conlition 2 
Rotating speed [Hz] 56.25 58.05 
Suction pressure [MPa] 0.524 0.524 
Discharge ressure [MPa] 2.045 1.351 
Suction gas temp. rc] 35.0 18.3 
Table 3. Coefficients of friction at sliding parts 
1) Between piston and vane tip Jl.p 0.145 
2) Between side surfaces facin~uction 
aiJ.d discharge chambers and cy · der Jl.I , J1.2 0.09 
3) Between crankshaft and piston Jl.c 0.006 
4) Between bearing and crankshaft Jl.j 0.026 
Equations of motion for the vane 
m)cv = Fs + Fpd - JlzFv2 - JlzFv1 - FP cos 13- 111FP sin /3-~B(a-R, sin /3)- P_.B(a + R, sin /3) -- (l) 
Fv2 +Fp2 +Fcp +Fpsin f3-Fv1 -FP1 -Fsp- JltFpcos /3= 0 -- (2) 
Fv1X:t + f-1tFv1a+FP1(x1 +.!_ x2 )+.! Fspia +R, sin /3)+.! Fsp(x1 -R, cos /3)- f.ltFpR, 
2 2 1 1 2 1 
-Fv2(x1 +x2)- Jl2Fv2a-FP2(x1 +2x2 )-2Fc/x1 -R,cos /3)+2Fcp2(a+Rvsin /3}=0 -- (3) 
Equations of motion for the piston 
m/iP = FP cos /3+ 111FP sin /3-F ctp cos~ +Fcppx + Fsppx +Fsppl sin ()1 -Fcppl sin B2 
mPyP = FP sin /3- JltFp cos /3+Fcrp sin ~+Peppy -F'PPY +F'PPl cos 61 -F cppl cos fJ2 
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4. Results of Theoretical Analysis 
The analysis results for both the swing-piston type and the rolling-piston type are shown in Fig. 3 
through Fig. 8. Both the values of Fvl in Fig. 3 of the swing-piston type and the rolling-piston type show a 
similar pattern: both peaks are at around 90 o and 210 o of B , and the difference between both peak values 
is approximately 100 N, and the peak-to-peak difference is greater with the swing-piston type than with the 
rolling-piston type. The values of Fv2 in Fig. 4 show a similar pattern, and the difference between both peak 
values is approximately 50 N. The value of Fcrp in Fig. 5 of the swing-piston type, as with the rolling-piston 
type, reaches a maximum at around 210 o of B with a value smaller by approximately 100 N than in the 
swing-piston type. As for the value of Fp in Fig. 6 of the swing-piston type, similarly to that of the rolling-
piston type, the difference in Fp between the two types is small: approximately 60 N at the most. 
Although the value of each force between the rolling-piston and the swing-piston types shows a 
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rolling-piston type, in the swing-piston type the contact area between the vane tip and the piston is significantly 
larger due to the area contact, resulting in substantially reduced contact pressure. 
Fig. 7 shows the change of angle {3 • The direction of Fp with the rolling-piston type is always 
towards the piston center, thus {3 = 0. The angle {3 of Fp with the swing-piston type, however, changes, 
peaking at 90 and 270 o of B . Unlike the rolling-piston type with its free rotating piston, the piston in the 
swing-piston type receives an excess force in the direction of suppressing the rotating motion and Fp shifts 
off the direction of the piston center by the angle /3. As a result, in the swing-piston type, Fv 1, Fv2, and 
Fcrp change according to the change in Fp. Fig. 8 shows the angle f; of Fcrp. A slight variation in f; 
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Fig. 8 Change of l; value in one revolution 
Table 4. Analysis results (Condition 1) 
Analysis results (Condition 1) 
Item Rolling -Piston 
Swing 
-Piston Diffurence 
Refrigeration capacity [kW 5.587 5.587 
Rotating speed [Hz] 56.25 56.25 
Input [W] 1557.7 1541.7 -16.0W 
Mechanical loss power [W] 172.2 158.4 -13.8W 
Sliding Joss power of vane 
suction side surfaces(Fvl)[W] 27.0 34.4 7.4W 
Sliding Joss power of vane 
dischargesdie surfaces f"v2)[W] 5.5 7.0 1.5W 
Sliding Joss power of vane tip 
(Fp) [W] 32.9 6.3 -26.6W 
SJidings Joss power of bearing 
(main, sub, crank) [W] 106.8 110.7 3.8W 
Motor loss power [W] 226.6 224.7 -1.9W 
Mechanical efficiency[%] 88.1 89.0 1.0% 
COP 3.587 3.624 1.0% 
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Fig. 9 shows the sliding velocity Vpv between the vane tip and the piston, and the sliding velocity 
Vpc between the piston and the crankshaft. The amplitude of Vpv and Vpc with the swing-piston type is 
small, at 0.3 and 0 m/s respectively, while the amplitude with the rolling-piston type is approximately 1.8 and 
0.9 m/s respectively since the piston rotates freely. In particular, the value of Vpv of the swing-piston type is 
substantially lower not only in its amplitude but also in its sliding velocity. 
The contact pressure and the sliding 
velocity between the vane tip and the piston is 
substantially reduced. For these reasons, it is 
highly probable that the reliability at the sliding 
part between the vane and the piston can be 
increased. 
The analysis results of the loss power 
and the efficiency in both types are shown in 
Table 4. This result shows that the mechanical 
loss power of the swing-piston type is lower than 
that of the rolling-piston type by approximately 
14 W and the mechanical efficiency is higher by 
approximately 1%. The comparison of the 
difference of the loss power in both types reveals 
that the swing-piston type achieves a greater 
reduction in the sliding loss at the vane tip than 
for other increased sliding losses, resulting in the 
swing-piston type showing lower mechanical loss 
power. 













Swing-Piston (Condition 1) . . . 
----r---,----T----r----r---





I I I I 
: \ ~ : : 
____ L ___ X _______ L ____ L __ _ 
I 1\ I I 
I I ~ I I 
: :~~ : : ----:---- ~---~~~-~-- -:----
I I I'. I 
I I I ........_I ..; I 
--=-=- ~-- -~~-=----
1 I I 
I 
I 
0.0 0.2 0.4 0.6 0_8 
V/Vo 
1.0 1.2 
Fig.lO Indicator diagram (Condition 1) 
Table 5. Experimental results (Condition 1) 
Experimental results (Condition 1) 
To confirm the potential for 
improvement of the mechanical efficiency of the 
swing-piston type rotary compressor, a 
verification was performed by experiment. A 
prototype swing-piston type compressor was 
fabricated by modifying the vane and the piston 
of a conventional rolling-piston type rotary 
compressor for use with HCFC22. The machine 
specification is shown in Table 1 and the operating 
conditions in Table 2. For the purpose of analyzing 
losses such as the mechanical loss power, 
indicator diagrams were made by feeding the 
pressure and other data in the compression 
chamber and the suction chamber into a digital 
oscilloscope and processing the captured data. 
Figs. 10 and 11 show the waveforms created by 
the swing-piston type under two conditions. The 
Item Rolling -Piston 
Swing 
-Piston Diffurence Diffurence 
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indicator diagram of the rolling-piston type showed almost the same waveform as that of the swing-piston 
type. The loss power was calculated by using these indicator diagrams, together with the refrigeration capacity 
measured by a calorimeter, the input power and the crankshaft rotating speed. The results are shown in Table 
5. 
By comparing the experimental results in Table 5 and the analysis results in Table 4, the difference 
in the mechanical loss power between both 
results of the two types was approximately 14 
W, and the difference in the mechanical 
efficiency between both results of the two types 
was 1%, suggesting consistency between the 
analysis and the experiment. The assumption that 
the reduction of the sliding loss power at the vane 
tip was the major contributor to the reduction in 
the mechanical loss power in the swing-piston 
type was thus verified both in theory and in 
experiment. 
The experimental results in Table 5 also 
show a reduction in compression loss by 
approximately 12 W in the swing-piston type. 
Experimentally, the volumetric efficiency was 
higher by approximately 1% and indicated 
efficiency higher by approximately 1% over the 
theoretically predicted values. The reasons for 
these differences can be assumed as follows. 
Because the swing-piston type has an area 
contact between the vane tip and the piston, the 
gas leakage through the sliding part is presumed 
to be lower. In addition, the piston rotates in the 
rolling-piston type, maintaining a uniform outer 
surface temperature, while the piston in the 
swing-piston type makes a swinging motion and 
tends to show reduced outer surface temperature 
near the suction port. Therefore, the degree of 
heating of the refrigerant by the piston outer 
surface in the swing-piston type is presumed to 
be lower than that in the rolling-piston type. These 
factors, such as smaller leakage and less heating 
of refrigerant, are concluded to improve the 
volumetric efficiency and the indicated 
efficiency. 
Table 6 shows the experimental results 
under Condition 2 in Table 2. The experimental 
results under Condition 2 in Table 6 show smaller 
difference rates of each efficiency and smaller 
3.0 
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Fig.ll Indicator diagram (Condition 2) 
Table 6. Experimental results (Condition 2) 
Experimental results (Conditbn 2) 
Item Rolling -Piston 
Swing 
-Piston Diffurence Difterence 
RefriNejitio~ 
capacty kW 6.301 6.317 0.3% 
Rotatm speed 
[ z] 58.05 58.05 0 
Input [W] 1204 1191 -1.1% -13W 
COP 5.173 5.243 1.4% 
Mechani:al Joss 148.5 141.1 -5.0% -7.4W power [W] 
Compression loss 
power [W] 122.8 116.9 -4.8% -5.9W 
Motor los,'] power 
[W 162.5 160.7 -1.1% -1.8W 
Mechani:al 
effuiency T%] 85.7 86.2 0.6% 
Indicated 86.2 86.8 0.7% effuiency [%] 
Volumetric 
effciency l%J 95.8 96.1 0.3% 
Compressor 
etfciency [% 1 61.2 62.3 1.8% 
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absolute differences of input compared with those under Condition 1 in Table 5. Because the difference 
between the suction pressure and the discharge pressure is greater under Condition 1, the swing-piston type 
is expected to demonstrate improved efficiency under conditions with larger differential pressure such as 
when using HFC410A refrigerant. 
6. Conclusions 
The feasibility of the swing-piston type rotary compressor was studied in theory and in experiment. 
The study revealed the following. 
(1) The theoretical analysis of the swing-piston type clarified the details of each action force, 
loss power, etc. The results showed an improvement in the mechanical efficiency by 
approximately 1% (under Condition 1). The key contributing factor was found to be the 
reduction of the mechanical loss due to reduced sliding velocity. 
(2) The experiment using the prototype swing-piston type compressor showed an improvement 
in the mechanical efficiency, the indicated efficiency, and the volumetric efficiency by 
approximately 1%, and the compressor efficiency by approximately 3% (under O:mditions 1 
and 2). 
(3) Because the swing-piston type has lower contact pressure and lower sliding velocity, and 
shows greater improvement in compressor efficiency under larger differential pressure 
between suction and discharge, it is expected to demonstrate improved efficiency and higher 
reliability at the sliding part of the vane when a refrigerant with larger differential pressure 
such as HFC410A is used. 
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